
strictly increasing and continuous function with lirnzr-.... - oo ~(Zt) = O'.L > 0 and 
limzt->oo ~(Zt) = O'.H < 00. Zt follows a stochastic process given by: 

When in operation, the firm chooses its level of output qt ~ 0 before observing 
the current realization of Zt. The actual total cost is revealed after the firm's pro­
duction. From the total cost, the firm can easily figure out what the realization 
of Zt was-note that ~(.) is strictly increasing and we can define Zt = ~-l(Xt). 
The firm's within-period expected-profit maximization problem is: 

where p is the constant product price. Once the production is done and its 
actual cost (and hence profit) is observed, the firm decides whether to stay in 
operation or to close down and exit. Upon exiting, the firm gets paid W -which 
is a constant, and it ceases to be the object of our analysis. If the firm decides 
to stay, it enters the next period (t + 1) with Zt. 

1.	 (20 points) Formulate the firm's problem into a Bellman equation. In 
particular, the value function should embody the expected value of a firm 
at the beginning of a period before the production choice is made. Note 
that the continuation/exit decision has to be somehow represented in the 
Bellman equation. Be explicit about state and control variables. Denote 
your value function with V, and write out (using integrals) your expecta­
tion operator. If you need a notation for the c.dJ. or p.dJ. of the normal 
distribution, use F or f. 

2.	 (30 points) Prove that a unique, bounded and continuous solution for V 
in your Bellman equation exists. Don't forget to explicitly mention the 
space on which your functional operator (7) is defined before you invoke 
certain theorems/conditions. 

3.	 (10 points) Prove that V is strictly decreasing in the state variable. I 
advise you to first start by showing that V is non-increasing. Even if you 
cannot show the 'strict' part, you will receive up to 9 points. 

4.	 (10 points) Describe what the firm's exit policy looks like. Under what 
circumstances will this firm exit? 

So far, we have considered only one firm's problem. Now assume that the 
industry starts t = 1 with 10,000 firms. No additional entry is allowed into 
this industry. The 10,000 firms face the same p, c('), and ~(.), and are subject 
to the same stochastic process governing their cost shock. The only difference 
across these firms is that they start with different zo-firms know their own zo. 
Further assume that the shocks across firms are uncorrelated. Note that the 
number of firms in the industry will decrease over time, because there are exits 
but no entries. In the following, a firm's size is measured by its output level (q). 
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5.	 (15 points) Is the following statement true, false or uncertain? Justify 
your answer. Recall that, in a given period, firms produce first and then 
make exit decisions. 

"Firms' exit rate is decreasing in size. That is, smaller firms are more 
likely to exit than bigger ones." 

6.	 (15 points) Is the following statement true, false or uncertain? Justify 
your answer. 

"Conditioning on survival, the growth rate (log qt+l -log qt) is decreasing 
in size. That is, smaller firms tend to grow faster than bigger ones." 

3	 Problem # 3: Distortions and Capital Uti­
lization (100 Points) 

Consider an economy in which each individual ranks consumption sequences 
according to the functional 

00 

0<,8<1 

where the function u is increasing, differentiable and strictly concave. This 
economy imports investment goods. Assume that the international price of the 
investment good is one, and denote the domestic price by Pk. In general, Pk 2:: 1. 
Households own the capital stock and choose how intensively to use. Let the 
intensity of use be denoted v, where 0 :::s; v :::s; 1. If a household owns k units 
of capital and chooses to use it at intensity v, it supplies vk units of capital to 
the market and, in this case, the depreciation rate is 8(v) = v 1+>., A > 0, and 
O:::S;v:::S;1. 

In this economy there are installation costs; If x units of investment goods 
are allocated to the production of new capital, they produce G(x, a) units of 
new capital goods. Thus, if every household chooses the same intensity, the 
aggregate law of motion of capital is 

where a is a factor in fixed supply owned by the households (each owns the same 
amount). The function G is assumed increasing in each argument, differentiable 
and concave. One interpretation of G is that it represents installation costs that 
are necessary to make capital goods productive. 

Assume that capital income is taxed at the rate T, and that the production 
function is given by 

cxF(K,N) = zKcxN1- , 

where K is the total amount of capital services allocated to market production 
and N is population. 

In what follows assume that the economy is at a steady state 
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1.	 [20 points] Assume that G(Xt, a) = x, and that A is sufficiently high so 
that the solution is interior. Argue that all individuals will choose the 
same intensity v, and that the steady state value is independent of the 
price of capital and the tax rate on capital income. Go as far as you can 
describing how these two variables aJfect the capital-output ratio and the 
investment-output ratio (measured in domestic prices). 

2.	 [20 points] Define a competitive equilibrium in which households purchase 
capital goods (x) and pay installation costs. Assume that there is a price 
for installation services so that, from the household's point of view, the 
law of motion of capital is 

3.	 [35 points] Let G(Xt, a) = xl-BaB, with 0 < () < 1. Go as far as you can 
describing how the domestic price of investment goods (Pk) and the tax 
rate on capital income (T) affect capital utilization. Describe how changes 
in those two variables affect the capital-output ratio and the investment­
output ratio (measured in domestic prices). Be explicit about the assump­
tions that guarantee an interior solution. 

4.	 [25 points] Assume that a foreign economist correctly measures the investment­
output ratio in this economy (Le. Pko(v))kjy). The economist first values 
this ratio at international prices and then it uses this measure and the U.S. 
depreciation rate (assume that the U.S. is such that Pk = 1 and T = 0) to 
estimate the country's capital-output ratio. Can you deterrriin~ the bias 
(if any) implicit in this procedure? Can you guess what this procedure 
implies for measured TFP in poor (say, high Pk and high T) countries? 
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